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SUMMARY 

IIydrtzulic model studies of the  Paonia Dam spillway and the  
ou t l e t  works junction with the spillway, Figures 1 through 6, inclusive,  
were conducted on a 1:36 scale  model, Figures 8, 9 ,  10, and ll, t o  
develop the hydraulic design of the s t ructures .  

Data and notes taken on the flow i n  the  model showed the 
general concept of the preliminary s t ructure  t o  be sat isfactory but 
indicated t h a t  cer ta in  modifications were desirable.  The side channel 
spillway basin was modified t o  gain a lower cost  basin without sacri-  
f i c ing  good hydraulic performance, Figures 12 through 18, inclusive; 
the  l e f t  approach wing w a l l  was modified t o  improve flow conditions i n  
the  immediate vic ini ty ,  Figures 19 and 20; the chute t ra in ing  w a l l s  
were extended i n  height t o  increase the freeboard, Figures 21 and 22; 
and the s t i l l i n g  basin was modified t o  provide a s ~ ~ o o t h e r  water surface 
i n  the discharge channel, Figures 25 through 41. The junction of the  
spillway a d  ou t l e t  works performed sa t i s f ac to r i l y  without modification, 
Figures 23 and 24. 
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and the Hydraulic Laboratory during the period from March 1957 t o  
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INTRODUCTION 

Paonia Dam, par t  of the Paonia Project, i s  located on Muddy 
Creek, a t r i bu ta ry  of the  North Fork of the  Gumison River i n  the west 



an e a r t h f i l l  s t ructure ,  approximately 1,600 f e e t  long and 1% feet'above 
the riverbed, with f a c i l i t i e s  f o r  a spillway and out le t  works. 

The spillway, Figures 3, 4, 5, and 6, i s  an open channel chute 
located near the r i gh t  abutment. A t  reservoir  elevation 6454, the  
spillway i s  designed t o  discharge 12,600 second-feet over a side channel . 
spillway c re s t  at  elevation 6447.5. The approach t o  the  spillway con- 
sists of an excavated area at elevation 6444.0 adjacent t o  the  c res t .  
The c res t  extends across the upstream end and along the left-hand s ide t 
of the side channel basin ,  The side chsa.5el basin f loor  is  150 f e e t  
long, 20 f e e t  wide at the upstream end, and 30 f e e t  wide at the  downstream 
end. The basin f loor  i s  at elevation 6424 at the ups.treram end and 
elevation 6423 at  the downstream end. 

The spillway chute i s  547 f e e t  long, measured horizontally,  
and drops from elevation 6423 at the upstream end t o  elevation 6243 at 
the downstream end where it joins the  s t i l l i n g  basin apron. The chute i s  
s t ra igh t  and i s  symnetrical about the  center. l i n e  of the  s ide channel 
basin. The f i r s t  362 f e e t  of the  chute i s  30 f e e t  wide. The remainder 
of the  chute f l a r e s  t o  a 42-foot width at che s t i l l ing  basin. The upstreain 
portion of the  chute is  on a 4:l slope, and the downstream portion i s  on 
a 2: l  slope. The two portions a r e  joined by a 100-foot ve r t i ca l  curve. 
Four chute blocks a re  placed at the downstream end of the  chute, each 
4 f e e t  high and.4 f e e t  9 inches wide. 

The s t i l l i n g  basin i s  120 f e e t  long, 42 f e e t  wide, and has 
pa ra l l e l  t ra in ing  -walls 48 f e e t  high. Apron elevation 6243 i s  43.3 f e e t  
below the maxirmun anticipated t a i l  water elevation f o r  12,600 second-feet. 
A dentated end s i l l  having f ive  dent i l s  i s  located a t  the downstream end 
of the  basin. Each d e n t i l  i s  4 f e e t  inches wide by 9 f e e t  high. 

,- 

The excavated area surrounding the basin is riprapped. Since 
there  a re  no wing walls a t  the  ends of the  basin t ra in ing  walls, the 
riprapped area slopes upward upstream and t o  the  two s ides  as well as 
i n  a downstream direction.  Upstream a.nd t o  the sides,  the  r ip rap  slope 
is 2:l ;  i n  the  downstream direction,  the  slope i s  upward 5 : l  t o  riverbed 
elevation 6272. The riverbed i s  i n  earth.  

4 
The out le t  works, Figure 3, is  located i n  the r i g h t  abutment 

and discharges onto the spillway chute. The m a x i m  discharge i s  1,120 
second-feet at  m a x i m  reservoir  elevation; normal discharge i s  780 . 
second-feet. The flow i s  controlled by two 2-foot 9-inch square high 
pressure s l i de  gates located i n  a gate chamber i n  the  i n t e r i o r  of the  
dam. The gates discharge in to  a 10-foot 6-inch wide venti lated tunnel 
which ca r r i e s  the  open channel-type flow 410 feet ,  on a slope of 0.03713, 
t o  an 86-foot vertical. curve t h a t  becomes tangent t o  the  2:l  slope of 
the  spillway chute. The d e t a i l s  of the  ou t l e t  works junction with the  



flow i n  t he  o u t l e t  works junction sect ion,  obtained from computations, 
i s  shown i n  Figure 7. 

THE MODEL 

The model was a 1:36 scale reproduction of the  spillway and 
surrounding area ,  i n c l ~ d i n g  a port ion of the  o u t l e t  works tunnel  joining 
the  sp i l lxay  chute, Figures 8, 9 ,  and 10. It w a s  constructed and t e s t ed  
i n  the  E r e a u  of Reclmation Hydraulic Laboratory i n  Denver, ~oioradi; .  

THE IFmSTIGATIOIJ 

The primary purpose of the  invest igat ion w a s  t o  develop t he  
hydraulic design of t'ne spillway s t ruc tu re ,  including the  junction of 
t he  o u t l e t  works a id  spillway s t ruc tu res .  I n  developing the  spillway 
design, it was necessary t o  study the  cha r ac t e r i s t i c s  of t he  flow as it 
approached and passed through -the spillway a s  wel l  as i n  the  donst ream 
r i v e r  cha?.?el. In  developing the  junction of t he  ou t l e t  works 2.unnel with 
the  spillway, it was necessary t o  study t he  flow conditions vhen the  o u t l e t  
works m d  spillway were discharging, both separate ly  and simultaneously. 

The model of the  preliminary spillway, Figures 8 and 9, was 
t e s t e d  f o r  a range of discharges and, i n  general,  was found t o  perform 
satisfactoril-J", Only f o r  discharges near t he  design flow w a s  the  per- 
fonnvlce inadequate i n  some respects .  For t he  design flow of 12,600 c f s ,  
t he  side c h m e l  basin a t  the  spillway entrance was not completely 
u t i l i z e d  end a turbulsnt  disturbance oecurred near the  l e f t  approach 
t r a i n ing  wall_; a t  the  downstream end of tile spillway chute, t he  water sur- 
face neared t i e  top  of t he  t r a i n ing  w a l l s  a i d  the  spillway basin appeared 
t o  be inadequate t o  contain the  hydraulic junp. A high water surface b o i l  
produced by the  ac t ion  of the  hydraulic jump was observed i n  the  r i v e r  
chame l  at  the  downstream end of the  basin.  The pre'iminary desigl" f 
the  junctior? of the  ~7il . lway &.id o u t l e t  works perfol-n~ed very s a t i s f ac to r i l y .  

Pre l in inary  Spillway F'ntrw-ce 

The s ~ i l l w a y  entrance as discussed here includes the  approach 
channel, the spil1wa;r c r e ~ t  sect ion,  and the  s ide  charmel basin. The 
mcdel of the  p re l ln ica ry  design i s  shown i n  F i p e s  8 and 9. Flow ccndi 
t i o n s  were ss t i s fact ,ory  except for  a turbulefit  a rea  a t  the  l e f t  approach 
t r a i n ing  w a l l  f o r  ma:<imum ar?d near ir&.im~q flaws, as shoi7n i n  Figures 11A 
and 128. 

h e s s u r e s  recorded cn the  spillway prof i l e ,  F i ~ r e  13, a t  a 
sect ion located appros imte iy  19 f e e t  upstrean from the  l e f t  approach w a l l  
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atmospheric f o r  the  complete discharge range. ~ r e s s u r e s  a t  the  downstream 
end of the  p ro f i l e  increased a s  th,? piezometers became subtnerged by 
l a rger  discharges which ra ised thd.'water l eve l -wi th in  the  basin. 

->\ ." 
Spillway discharge ca l ib ra t ion  t e s t s ,  Figure 1 1 + ,  showed the  

spillway t o  discharge t he  design flow of 12,600 c f s  at  reservoir  
e levat ion 0453.0 which i s  0 .1  of a foot  below the  mardmun design reeervoir  
elevation.  Discharge coef f i c ien t s  were computed frorn t he  equation 

!,,- Q = C U I ~ / ~  

where 

G = the  total discherge 
C = the  discharge coef f i c ien t  
L = the  c r e s t  length measured along i t s  ax i s  

a t  e l e m t i o n  6h47.5, and 
H = the  difference i n  elevation between the  

reservoir  w.d c r e s t  

A coef f ic ien t  of 3.72 f o r  1 2 , m  cf's w a s  computed from the t e s t  data ,  
Figure 14,  

The water surface p rof i l e  along the  center  l i n e  of the s ide  
channel basin,  Figure 15 ,  appeared t o  be su f f i c i en t l y  low t h a t  the  basin 
f l oo r  at  i ts  downstream end could be ra i sed  t~ the  e levat ion of the  chute 
f l oo r  t o  el iminate the s t ep  up from the  basin f loor  t o  the chute f loor .  
Elimination of the s tep  would p io -~ ide  a smooth f l oo r  which would not t r a p  
debr i s  o r  require  draining. 111 addit ion,  w a l l  hei,@b.t;s would thereby be 
reduced, making the s t ruc tu re  more economical t o  construct .  

Spillway Entrance 14odifications 

I n  t h e  f i r s t  modification t o  el iminate tine step,  the  upstream 
end of the  s ide  channel basin f l oo r  was lowered end the downstrean; end 
ra i sed  so t h a t  the e n t i r e  f l oo r  was l eve l  at  elevation &21.75r the  
o r i g ina l  e levat ion of t he  upstream end of t he  chute f loor .  Calibrat ion 
t e s t s  showed t h a t ,  fo r  the  desi,sr. flow of 12,600 second-feet, t h e  
rese rvo i r  w a s  a t  design e levat ion 6454 and the  discharge coef f i c ien t  w a s  
reduced t o  3.52. I n  the side channel basin,  the  water surface e levat ion 
was hi&er ,  Figure 15, but i n  the  spillway chute it  w a s  lower. 

It w a s  considered permissible t o  exceed the design reservoir  
e levat ion 6454 s l i g h t l y  t o  provide a s t i l l  more econo~nical s t ruc tu re .  
Therefore, the  basin f loor  was modified again by r a i s i ng  it 2.25 f e e t  
t o  e levat ion 6424. Calibrat ion t e s t s  showed t h a t  t he  design Elow of 
12,m c f s  was discharged a t  reservoir  e levat ion 6454.2 which was 
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flow w a s  3.36. The water surface e levat ion i n  the  s ide  channel bas in  
w a s  r a i sed  about 2 f e e t  and remained about the  same as before i n  t he  
chute. 

Recommended Spillway Entrance . 
The s ide  channel bas in  f l oo r  was modified once again t o  reduce 

t he  reservoir  e levat ion end t o  provide drainage f o r  t he  basin f l oo r .  The 
I upstream end w a s  placed at  elevation a 2 4  and the  downstream e ~ d  at  

e levat ion 6423.  This design was adopted f o r  prototype use and i s  shown 
i n  Figure 3.  Celibrat ion t e s t s ,  Figure l l c ,  showed the  design flow of 
12,600 c f s  t o  be discharged a t  reservoir  e levat ion dk54.1. The spillway 
discharge coef f i c ien t  f o r  the  design discharge i s  3.53, ailthough the  
maximum spillway coef f i c ien t  i s  3.63 and occurs jus t  before the  c r e s t  
of  the  s ide  channel basin becomes submerged a t  reservoir  e levat ion 6453.7 
and a discharge of approximately 11,500 c f s .  

Poor flow appearance and excessive turbuleoce which occurred 
near the  w a l l  i n  the  prelilninary design, Figure 1 6 A ,  was remedied qui te  
e f f ec t i ve ly  by plecing r o c k f i l l  on t he  da!! face  upstream from the  w a l l ,  
Figure 16B. Xowever, a more e f f ec t i ve  and economical rnethod was t o  
reshape tine w a l l ,  Figure 17. This w a l l  w a s  used i n  the  recommended 
design. Water surface f luc tua t ions  at  Point A i n  Figure 1 6 ~  were su f f i -  
c i en t ,  however, t o  make it necessary t o  r a i s e  the  w a l l  4 f e e t  higher than 
i n  the  preliminary design t o  prevent overtopping by the  flow. Velocity 
measurements around t h e  ups1;ream curvature of the  w a l l  showed t he  flow 
veloci ty  t o  be approximately 7 f e e t  per second. '&is w a s  considered t o  
be su f f i c i en t l y  low t o  prevent r i p r ap  movement. 

The recommemied spillway discharging the  design flow, Figure 18, 
provides EL fill s ide  channel bas in  discharging smoothly i n to  t he  spillway 
chute. The basin a l so  performs well  i n  discharging l e s s e r  flows as shown 
i n  Figare 19. The l i n e s  on the  w a l l s  i n  Figure 18 a r e  p ro f i l e s  of t he  
water surfaces f o r  t he  various modified bas ins  discharging the  design 
f l o w .  The s o l i d  black l i n e  i s  t he  water surface  p r o f i l e  fo r  the  prelimi- 
nary design, and the  white l i n e  i s  the  p r o f i l e  f o r  the  recommended design. 
Water surface p ro f i l e s  d o n g  t he  center  l i n e  of the  s ide  channel basin 

b a r e  show11 i n  Figure 15. 

Spillway Chute 

I ??-c flow gassed through the  preliminary spillway chute i n  a 
very sntisTactsry manner. The water was uniformly d i s t r i bu t ed  across  the  
chute anci no high waves occurred, Figure 20. However, water surface 
fluctua-ticns along the  w a l l s  occasionally extended t o  the  top.  After  the  
recolnrnencied sirie channel basin was i n s t a l l e d  at the  entrance t o  the  chute, 
the  weter surface vns about 2 t o  3 f e e t  lower i n  the  upstream port ion of 



it was decided t o  increase t he  freeboard as  shown i n  Figure 21. 

The Spillway and Outlet !Jerks Junction 

The ou t l e t  works, Figure 3, i s  designed t o  discharge about 800 
c f s  at  reservoir  e levat ion 6370.0 and 1,120 c f s  a t  elevation 6454.1. 
During the  ea r l y  part of t he  t e s t  prograQ, however, it was contemplated 
t h a t  the  ou t l e t  works would discharge 1,470 c f s  a t  maximum reservoir  
elevation @+514.0 end t h a t ,  normally, i t s  m a x i m  discharge would be 700 9 

cfs ;  therefore ,  most of the  t e s t s  were conducted using the& discharges. 
The t a i l  water curve i n  Figure 3 & ~ d  the  ou t l e t  works r a t i ng  curve i n  
Figure 7 were used t o  s e t  the  proper flow conditions i n  the  model. 

Flows of 700 and 1,470 cfs entered the  spillway chute and 
s t i l l i n g  basin without produci~lg any serious adverse e f f ec t s ,  Figures 22A, 
23B, and 2jC. The r e l a t i v e l y  large  spillway s t i l l i r ~ g  basin w a s  more than 
adequate t o  d i s s ipa te  the  energy i n  the  ou t l e t  works discharge, and no 
concentrated flow currents  passed over the  end s i l l .  There was no erosion 
of t he  r iverbed produced by the  o u t l e t  works flow. It seemed des i rable ,  
however, t o  improve t'ne appea race  of the ou t l e t  works flow a s  it entered 
the  basin.  Flow enter ing t'ne tail water pool within the  bas in  veered t o  
e i t h e r  the  l e f t  o r  t he  r i g h t  without sprezding =d rewined on one s ide  
o r  t he  other  u n t i l  reversed by a flow change such as opening or  closing 
of the  valve. Methods of s t ab i l i z i ng  the  flow i n  the  center  of the  
s t i l l i n g  bas in  pool were discussed and t r i e d ,  such a s  a d i rec t iona l  vane 
placed i n  the  basin. However, no correct ive  rncas=es were recommended 
because a s i~nple  device could not be fouild which would not  introduce 
problems when the  spillway w a s  discherging. Also, the  unstabil ized flow 
i n  t h i s  pa r t i cu l a r  instance caused EG h a r m h l  e f f ec t s .  

It i s  possible t h a t  the  prototype o u t l e t  works night  continue 
t o  discharge when the spillway f i r s t  begins t o  operate.  Tests  showed 
t h a t  the  two flows joined together very n ice ly  when t h e  air vent j u s t  
downstream from the  ou t l e t  valves was open, Figure 23A. Closing the  
vent caused a considerable amou~it of spray where the  two flows joined. 
With t i e  vent open, the  spillway f l q w  passed over the o u t l e t  works tunnel  
opening with very l i t t l e  v i s i b l e  d i sh rbance  f o r  discharges up t o  and 
including tne  ciesign flow of 12,500 c f s  with o r  without the  o u t l e t  works 
discharging, Figures 22'8 arid 22C. It i s  therefore  importent t h a t  anple 
a i r  venting be provided and t h a t  the  vent rernain open a t  all times. 

The piezoneters located i n  the  junction area ,  Figures 10 and 
24, showed t h a t  only smll subatnospheric pressures exis ted  a t  a few of 
t h e  measuring points  f o r  any combination of spillway m-d o u t l e t  works 
discharges when the  a i r  vent was open. However, wtth t he  ou t l e t  works 
air vent closed, some of the  pressures were considerably below atmos- 
pheric,  particularly when the  spillway was operating eit!ler by i t s e l f  



from the stand?oint of pressures as  well as  the poss ib i l i ty  o f  flow 
disturbances occurring, t h a t  the ou t le t  vorks tunnel be vented. 

Wher, the spillway i s  discharging the design flow, the subatmos- 
pheric pressures may be s l i gh t ly  lower than shown i n  the model t e s t  data  
because the velocity cf the flow approaching the junction was approxi- 
mately 10 percent l e s s  i n  the  model than w a s  com~uted for  the prototype 
design flow. The velocity i n  the model represented a prototype velocity 
of about cfl fee t  per second. This velocity occurs fo r  a prototype 
roughness coeff ic ient  i n  bianning's equaf,ion of n = 0.014; whereas, the 
veloclty computed using a prototype roug!!ness coefficient of n = 0.008 
i s  about 100 f e e t  per second. 

S t i l l i n g  Basin 

Preliminary design. Tne preliminary s t i l l i n g  basin desi&n i s  
show i n  Figures 3 and 25. The basin was designed for  i2,OX) c f s ,  or  300 
c f s  per foot  of width, entering thecbasin at  a velocity of 109 f e e t  per 
second md  a depth of 2.75 f ee t  a t  Statior- l1i.t-09 where the basin width 
i s  42 f e e t .  The toe of the jump occurs upstrean, however, where the chute 
i s  38.7 f e e t  wide and the velocity i s  102 f e e t  per second. In arr iving 
at  these design values, a prototype roughness coefficient of n = 0.008 
was used i n  the Maming forn~ula. Since the model flow surfaces were --5 

rougher tha? t h i s ,  considering t h e  model scale,  the  velocity a t  the  model 
basin entrancrrep-esenk:d a p r o t o t s e  velocity of only 93 f e e t  pel- second. 

To increcse the velocity i n  the  xnodel t o  t ha t  expected i n  the  
prototype, ~ 1 .  s l i de  gate was in s t a l l ed  i n  the  chute a t  Station 9+35 t o  
r a i s e  the reservoir  elevatiort. Vith the gate placed i n  the  chute t o  form 
an o r i f i ce  10.2 f ee t  hi& by 30 f e e t  wide, the reservoir  l eve l  rose to 
elevation 6496.8, the tog of the  model head box. The average depth of 
flow a t  tne  toe of the ju-np was then measured t o  be 3.2 f e e t  fo r  the 
design discharge. Since the chute i s  38.7 f e e t  wide at t h i s  point ,  the 
average velocity i s  agproximately 102 f e e t  per second. This agrees w i th  
the design conditions described above. 

The Froade number fo r  the  adJusted velocity and depth was com- 
puted t o  be 10.0. The conjugate t a i l  water depth D2 for  t h i s  condition 
was computed t o  be 41; f ee t  fo r  a basin 38.7 f e e t  wide and 40 f e e t  for  a 
basin 42 f e e t  wide. The expected t a i l  water depth for  12,600 c f s  taken 
froa the t a i l  water curve, Figure 3, i s  43.3 f e e t .  It i s  possible t h a t  
the  depth m y  be as low as  42.2 f ee t .  Therefore, the basin i s  designed 
for  a depth which i s  s l i gh t ly  i n  excess of D2. 





s ides  of the square-edged baff les  because of the high velocity flow. 
Therefore, the  center baf f le  was constructed witln piezometers located a s  
shown i n  Figure 27. Pressures were recorded f3 r  discharges of 2,500, 
7,5001 10,WOl =d 12,600 c f s  with the t a i l  water s e t  i n  accordance with 
the t a i l  water curve i n  Figure 3. A l l  pressures were above atmospheric 
f o r  discharges ranging up t o  about 8,500 c f s ,  a s  shown by the so l id  l i nes  
i n  Figure 30. As the discharge w a s  increased above 8,500 cfs ,  
Piezometer 4 on the side of the  baff le  became more and more subatmospheric 
u n t i l ,  a t  about 10,500 second-feet, the  pressure was equal t o  the  vapor 
pressure of water. Pressures on top of the  p ie r  did not become subatmos- 
pheric u n t i l  the discharge reached about l l ,500  c fs ;  for  12,600 c f s ,  the 
pressures reached about 7 f e e t  of water below atmospheric. 

To improve the pressurq  the baf f le  p ie rs  were relocated 
f a r the r  downstream (41 f ee t  3 inches downstream from the upstream end of 
the  apron). However, the improvement was small a s  shown by tile difference 
between the so l id  and &shed l i n e s  i n  Figure 30; a t  the  s m e  time, tile 
effectiveness of the baf f le  p ie rs  was great ly  reduced. 

S t i l l i n g  Basin Modification No. 3 

The square-edged baff les  were replaced with an equal number of 
streanlined baf f les  shaped similarly t o  those developed by the U.  S .  
Engineers Waterways Experiment Station 2/ fo r  use at  Bluestone Dan and 
tes ted  again by the U .  S. Army Corps of Engineers' Bonneville EIydraulic 
Laboratory 4/ fo r  use at  Chief Joseph Darn, Figure 31. The upstream faces 
of the  baff les  were placed 34 f e e t  from the  upstream end of the  apron. 
Several piezometers were located on the  s ide of one baf f le  p ie r  con- 
structed of sheet metal, Figure 31. The piezometers nearest the  bottom 
of tine pier  showed subatmospheric pressures equal t o  the vapor pressure 
of water, Figure 32; therefore,  the  baf f les  were unsatisfactory. 

If the pressures had 3een sat isfactory,  the basin gerformance 
would have been acceptable. The performance was be t te r  than fo r  stream- 
l ined  baff les  of I4odification NO. 1, but not a s  good a s  f o r  the  square- 
edged baff les  of Modification No. 2. 

Technicd tiiemorandum No. 2-243, "A hbora to ry  Development 
of Cavitgion-free Baffle Piers, Bluestone Dam, New River, 
West ~ i r g i n i a .  " 

4J~eport NO. 34-1, "Spillway and S t i l l i n g  Basin f o r  c h e f  
Joseph Dam, Columbia River*, Washington, Hydraulic Model 
~nves t iga t ion ."  





, of 1 minute or  more. This compares with 5.4 f e e t  i n  the preliminary 
design and 2.4 f e e t  f o r  t he  square-edged baff les .  

Pressure mea~urements made on one of t he  recommended baffles,  
Figures 37 and 38, showed the baffle p ie r  design t o  be sat isfactory fo r  
pz.otot7ype use. For the  design flow, 12,600 cfs ,  11 f e e t  of water below 
atmospheric pressure was observed i n  the lowemost row of piezometers. 
Eowever, it was possible t o  discharge 11,300 c f s  before the  pressure 
dropped t o  atmospheric. It i s  therefore improbable t ha t  cavitation w i l l  
occur i n  the prototype except, perhaps, a t  near maximum discharges. 

To bet ter  understand the re la t ion between velocity at the 
baf f le  piers  and pressures on the piers ,  the t o t a l  head and the hydro- 
s t a t i c  head were measured i n  the flow at a point 11 f e e t  upstream fron 
the  baff le  p ie r  face and 2 f e e t  above the apron, Figure 39. For the 
design flow, the velocity was about 80 f e e t  per second at t h i s  point. 
The velocity of the flow at the toe of the jump w a s  102 f e e t  per second, 
and the velocity of the  flow s t r ik ing  the baf f les  i s  estimated t o  be 65 
o r  70 f e e t  per second. Usually, 50 t o  60 f ee t  per second is considered 
t o  be the upper l imit ing velocity fo r  use of square-edged piers .  

The lowest pressure on a square-edged p i e r  was found at 
Piezometer 4, F i w e  30. This pressure becomes atmospheric a t  a spillway 
discharge of about 8,200 cfs .  The velocity f o r  8,200 c f s  is  about 50 
f e e t  per second, Figure 39. For 10,000 c fs ,  a pressure of minus 18 f o r  
Piezometer 4, and a veloci ty  of about f ee t  per second are indicated. 

The t a i l  water elevation at which the  hydraulic jump would 
sweep out of the  basin w a s  detemined; but f i r s t ,  it w a s  necessary t o  
lower the l eve l  of the  discharge channel by removing some of the movable 
bed. The ta i l  water w a s  lowered u n t i l  the hydraulic jump r o l l e r  ceased 
t o  r o l l  back in to  the basin t o  form the jump. The t a i l  water elevation 
at  which t h i s  action f irst  occurred was recorded f o r  a range of discharges 
as the  sweep-out; t a i l  water elevation, Figure 40. The difference between 
the sweep-out elevation and the  expected t a i l  water elevation is  the 
margin of safety  against  the  occurrence of t h i s  phenomenon i n  the prototype. 
For instance, the  margin of sa fe ty  f o r  the design flow was appraximately 

a 10 f e e t  of t a i l  water o r  about 3 f e e t  more than provided by the preliminary 
design. 

After the conclusion of the madel study, a decision was made t o  
construct t he  preliminary design ra ther  than t h e  recommended design 
because of tile poss ib i l i t y  of low pressures and cavi ta t ion occurring on 
the  baff le  piers .  To fur ther  reduce the poss ib i l i t y  of cavitation i n  
the  basin, -the chute blocks and the dent i l s  on the  end s i l l  were stream- 
l i ned  t o  a greater degree than shown i n  the preliminary design drawings. 
Since these modifications were made a f t e r  the model had been dismantled, 
they were not tested.  
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A. Side channel spillway entrance. Note etep up from bide 
chanrael baein floor to chute floor. 

B. Spillway chute, outlet works junction, stilling basin, 
and discharge channel. 

.PAC?NIA DAM SPILLWAY 
PRELIMINARY SPILLWAY ,DESIGN MODEL 

1:36 SCALE MODEL 
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Numbers designate piezometer locations. 
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'PAONIA D& SPILLWAY & OUTLET WORKS 
- OUTLET WORKS AND SPILLWAY JUNCTION MODEL 

1:36 SCALE MODEL. 



FIGURE 11 
REPORT HYD 
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PAONIA DAM SPILLWAY 
PRELIMINARY SPILLWAY--12,600 CFS 

1 :3S SCALE MODEL 



Basin is not fully utilized. 
2 .> 

B. Turbulence occurs at left 
approach wall. 









FIGURE 
REPORT HY 

A. Preliminary left approach wall. 

B. Rock fill was effective in reducing turbulence near  left 
wall but flow fluctuations sometimes overtopped the 
wall. 

PAONIA DAM SPILLWAY 
PRELIMINARY LEFT APPROACH WALL--12,600 CFS 

1:36 SCALE MODEL 



Velocity near the upstream end of the left wall is  
7 feet per second. The flow is smooth but the water 
surface at A fluctuates. 

PAONIA DAM SPILLWAY 
RECOMMENDED LEFT APPROACH WALL--12,600 CFS 

1:36 SCALE MODEL 
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White line is the average water surface profile. 
2 

Water surface fluctuates 3 feet from the Water surface fluctuates 3 feet from the 
white line average at Sta. 8t90. white line average at Sta. 8+90 and M 

Sta. 8+65. O W  4 C d ~  
!J30 

PAONIA DAM SPILLWAY 4-36 
RECOMMENDED SLDE CHANNEL B A S ~ - - ~ P , ~ O O  CFS 3 
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A .  Outlet  w o r k s  d i s c h a r g e  700 c f s .  Note:  T h e  flow v e e r s  t o  e i t h e r  
the  right o r  the  l e f t .  No s p i l l w a y  d i s c h a r g e .  

B. Spillway d i s c i ~ a r g e  1 0 , 2 0 0  cfs C.  Spillway d i s c h a r g e  1 2 ,  GOO c f s  

Out le t  works d i s c h a r g e  
1 ,400  c f s  

P.AONIA DrZM SPILLWAY & O U T L E T  WORKS JUNCTION 
O U T L E T  WORKS AND SPILLWAY DISCHARGING 

1:3G SCALE MODEL 





SECTION A - A  

0 
0 A7 
6 
0 + 

S = 0 0 3 4 1 5 -  '# 

S E C T I O N  C-C 

SPILLWAY 0 0. W. O. T. W ELEV PRESSURES IN  FEET OF WATER AT P IEZOMETERS 6 THROUGH 24 
C.F. S. C. F. S. 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2 0  21 2 2  23  24  

12,600 * - 6285.20 $20.0 t6.9 f14.9 -1.2 -1.5 -0.4 +3.4 +If.? +I35 t3.4 +1.0 -QI -1.9 -1.6 -0.2 -0.9 -0.4 -1.5 -0.5 

0 1470 6276.00 t21.8t17.1 +9.4 t2.0 t 0 . 6  t0 .2  t 8 . 2  +5.6 f4 .4  t4.3 +2.3 t1.2 - 1 . 1  -2.0 -0.9 + 0.2 - 1.0 
_ _ . - - - - -  

0 7 0 0  
--- -- - 

6 2 73.50 t20.2 t 7 . 4  t 0 . 2 ' ~ i - 6 . 2  /C4.4/+2.1t2.0 t l . 0  x - 1 . 2  --L?1G=t0.6=%9 
1000 1470  6278.00 +22.8+16.5 +9.9 +1.8 -1.5 0 +7.5 +6.0 +6.0+6.0+5.4 t1.8 -1.2 -1.8 t0 .3  -0.6 0 -0.6 0 

* ~ ~ ~ . 1 3 + 3 4  Dir3.6 FT., VI = 90 FPS, F = 8.4 

m 
rn 
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01 

P A O N I A  D A M  S P I L L W A Y  A N D  O U T L E T  W O R K S  w -  -4'3 

PRESSURES AT SPILLWAY A N D  OUTLET WORKS JUNCTION c 3JJ 
1 : 3 6  S C A L E  MODEL o m  
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FIGURE 26 

REPORT HYD 444 

Operating conditions: 
Res. El .  6496.8 
Gate controlled flow 
12,600 cfs  

T . W .  El. 6285.2 
Chute width (w) at 
toe of jump = 38.7 
feet 

D l  = 3.2 feet 
V1 = 102 feet lsec  
F = 10.0 
D2 = 42.0 feet 
L = 120 feet 

Hydraulic jump 
extends beyond the 
end of stilling basin. 

Erosion af ter  one 
hour niodel tes t .  

PAONIA DAM SPILLWAY 
PERFORMANCE O F  PRELIMINARY STILLING BASIN 

1:36 SCALE MODEL 





Erosion after one 
hour model test run. 

PAONIA DANI SPILLWAY 
PERFORMANCE OF STJLLING BASIN MODIFICATION NO. 1 

1 :36 SCALE MODEL 



FIGURE 29 
REPORT HYD 444 

Same operating con- ,* 

ditions as in Figure ' 0 "  

Note boil has moved 
to upstream end of 
basin and has been 

Erosion after one 
hour model test .  

PAONIA DAM SPILLWAY 
PERFORMANCE OF STILLING BASIN MODIFICATION NO. 2 

1:36 SCALE MODEL 



STANDARD BAFFLE PIER DESIGN FROM H.Y. D. 399 - r \  
CHUTE BLOCKS, ; / I  

I Y I / 
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F L O W  , - 
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CENTER BAFFLE PIER 
a PlEZOMETER LOCAT IONS 
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SPILLWAY DISCHARGE IN 1000'~ OF CFS 

N O T E S  

When outlet works alone is discharging 1470 second fee t  
the pressure at all f i ve  piezometers is hydrostatic. 

When f ive fu l l  piers a re  used, spaced 3' apar t  and 
located 2 7  f e e t  downstream f r o m  Sta. 14 t o g ,  the 
pressures are about the  same as fo r  the 5.2 foo t  
spacing located 41 f e e t  3 inches downstream f r o m  
Sta. 14 t 09. 

Operating conditions are the same as in f igure 26 f o r  
design f low of 12,600 c . f  s. 

P A O N I  A D C M  S P I L L W A Y  
P R E S S U R E S  CN S Q U A R E  EDGED B A F F L E  P I E R S  

1 :  36 S C A L E  MODEL 
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FIGURE 34 
REPORT HYD 444 

Same operating con- 
ditions as in Figure 
26.  

Note boil upstream 
from end of basin. 
Compare with Fig- 
ur e 26. 

Erosion after one 
hour model test. 

PAONIA DAM SPILLWAY 
PERFORMANCE OF RECOMMENDED STILLING 

DISCHARGING 12,600 CFS 
1:36 SCALE MODEL 
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RECOMMENDED BASIN ( S E E  F I G . 3 3 )  
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*WAVE MEASUREMENT D i s c h a r g e  12,600 c.f. s 
m I I LOCATION 

I / T. W. EL. 6 2 8 5 . 2  

-Q ------- -CONTOUR El .  6 2 9 0  
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L O C A T I O N  D I A G R A M  - P L A N  

P A O N I A  D A M  S P I L L W A Y  
R I V E R  C H A N N E L  W A V E  H E I G H T S  

1 . 3 6  S C A L E  M O D E L  










